INTRODUCTION
Studies of understory dynamics, i.e. advance growth of trees (AG) and understory growth of shrubs (UG), are mostly related to the changes fallowing disturbance of canopy (Klinka et al., 1996) caused by weather, harvesting (Mallik, 2003) , pests (Ehrenfeld, 1980) or disease (Mackey and Sivec, 1973; McCormick and Platt, 1980; Lygis et al., 2014) . Since the mid-1990s, in Europe, intense dieback caused by the pathogenic fungus Hymenoscyphus fraxineus (T. Kowalski) Baral, Queloz, Hosoya, comb. nov. has severely decreased the abundance of Fraxinus excelsior L. (Vasiliauskas et al., 2006) . Studies conducted prior to the dieback showed successful self-regeneration of F. excelsior (Laiviòð and Mangale, 2004; Anonymous, 2005; Dobrowolska et al., 2011) , but since the dieback, the regeneration has decreased sharply (Bakys, 2013) . Simultaneously, changes in the understory species composition and density have been observed in the affected stands (Lygis et al., 2014) . A similar succession was observed also in stands after Dutch elm disease (Ophiostoma novo-ulmi Brasier) , as significant changes in UG were observed in stands with severe dieback, while minor changes were observed in healthy stands (Dunn, 1986) . Huenneke (1983) showed that after Dutch elm disease, species composition and its change were influenced by the progression of individual tree dieback, the number of dead trees, gap size and the presence of adjacent gaps. McCormick and Platt (1980) suggested that changes in species composition after chestnut-blight mainly depended on the time since the disturbance and on local conditions. A dense UG layer is also known to strongly compete with AG regeneration (Beckage et al., 2000; Royo and Carson, 2006) , thus altering the rate and direction of the succession (Givnish, 2002) .
Considering that F. excelsior planting has been stopped (Kirisits et al., 2011 , Bakys, 2013 , knowledge about the natural succession of affected stands is crucial for assessment of their potential and for planning of further management. The future development of stands might be already guessed from the present composition of understory. Bakys (2013) and Lygis et al. (2014) showed that damaged F. excelsior stands tend to transform to stands dominated by early successional tree species like Betula pendula Roth, Alnus incana L. and Populus tremula L. The absence of predisturbance data is a major problem for many studies on forest response to sudden changes; therefore, long-term vegetation surveys are useful for understanding of successional processes (Sulser, 1971; Henry and Swan, 1974; Brewer, 1980; Sheil, 2001) . The aim of the study was to PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 70 (2016), No. 3 (702) Data analysis. The composition of the understory and separately of AG and UG species among the sites and observation periods was compared using a chi-square test. The t-test was used to assess the significance of differences in mean height between the three periods for the understory as well as for individual species. ANOVA was used to assess the differences in total and individual species density between the observation periods. The relationships between understory as well as AG and UG density separately and the density of dead F. excelsior were determined by Pearson correlation analysis. Detrended Correspondence Analysis (DCA), based on the AG density, was used to assess the successional changes in species composition during the observation period following canopy F. excelsior dieback. A randomization test with 10 5 iterations was performed to determine the significance of DCA components. All analyses were calculated in the software R v. 3.1.2 (Anonymous, 2014) at the significance level a = 0.05.
RESULTS
In total, in all observation periods, 13 canopy species were recorded ( UG individuals remained relatively stable (36 and 64%, respectively), with fluctuations of only up to 2%.
In most of the sites, density of understory individuals was quite similar in 2005 (688 ± 221 and 1190 ± 178, respectively) and 2010 (660 ± 145 and 1192 ± 183, respectively), but in 2015, it was higher (p-value 0.001) and nearly doubled (1138 ± 228 and 2065 ± 312, respectively) ( Fig. 3) , except for the Íemeri3 site, where a decrease was observed (Fig. 2b) . During all periods, U. glabra (1390 trees ha -1 ),
F. excelsior (1149 trees ha -1 ) and A. platanoides (1115 trees ha -1 ) had the highest densities in AG (Fig. 4) , but in 2015, significantly higher density was observed for A. platanoides, F. excelsior, and A. glutinosa (Fig. 4 (Fig. 4) .
Thus, the increase of UG or AG density was caused by a particular species (Table 1) . With the rapid increase in number of recruits, the average height of AG and UG decreased, particularly in the third observation period (mean height of AG decreased from 2.21 to 0.94 cm in 2005 and 2015, respectively) (Fig. 3) .
The DCA ordination (Fig. 5 ) showed that the sites had an expressed grouping according the composition of AG species, hence three groups were arbitrarily distinguished. The first group consisted of the Ainaþi (Fig. 5 , site 1), Piksâre (8), Íemeri1 (4) and Íemeri2 (5) sites, which were dominated by U. glabra. The second group was characterized by the Bçrvircava (2), Vidâle (13), Ukri (10), Vestiena (12), Jaunlaði (3) sites, which were distinguished by the dominance of F. excelsior with Q. robur, and B. pendula. The third group consisted of the Viesîte (14), Vaiòode (11), Limbaþi (7), Viïaka (15) and Rundâle (9) sites, in which, however, AG was dominated by many species. The successional changes in AG were the most expressed in the first and second group, but the third group showed the weakest changes. Hence, the direction of changes were site specific. The sites from the first group showed the changes characterized by increasing abundance of A. glutinosa or T. cordata. The successional vectors of the sites from the second and third group mainly had opposite directions indicating changes among the broadleaved species, suggesting interchange of AG composition. Nevertheless, the abundance of F. excelsior increased in the Bçrvircava (2), Ukri (10) and Jaunlaði (3) sites as shown by similarity of the vectors. Some sites (Ainaþi (1), Íemeri1 (4) and Vaiòode (11)) had only slight and reversing vectors, suggesting stability of the species composition in AG. The AG composition and its changes mainly coincided with the canopy species in the particular sites (Table 1) . The correlation between understory density and the amount of dead canopy F. excelsior was not significant in any period (Fig. 6 ), although in a few sites, density of understory increased with the F. excelsior dieback (Jaunlaði, Íemeri1, Íemeri2) (Fig. 2a, b) . Fig. 2 . Changes in the number of declining (dead) canopy F. excelsior trees (a) and total density of understory tree advance growth and shrubs (b) in the studied plots during the three observation periods. Fig. 3 . Average density and height of understory tree advance growth and shrubs in the studied plots. Although understory is known to form a monodominant layer with abundant ground cover vegetation after the dieback of canopy trees (Royo and Carson, 2006) , our results indicated the opposite, as an increase in number of UG species followed the dieback of canopy F. excelsior, while the number of AG species remained the same (Table 1) . This could be explained by the fact that UG species, which are adventitious and/or temporary (e.g. Prunus divaricate Ehrh., Sorbaria sorbifolia (L.) A. Braun and Ribes sp.), can adapt to altered environmental conditions more quickly than AG (Gonzales et al., 2002) . Changes in species composition were minimal in the sites where the mortality of canopy F. excelsior was low, e.g., Piksâre and Viïaka (Fig. 2a) , as observed after Dutch elm disease, when abundance of UG increased only in larger gaps (after death of two or more canopy trees) (Huenneke, 1983) . Hence, changes in understory after disturbance can alter the course of succession, and diversification of stand composition might be expected in future (de la Cretaz and Kelty, 2002; Mallik, 2003) .
The DCA, and particularly directions of the successional vectors, showed that the course of succession in the affected F. excelsior stands was diverse (Fig. 5) , likely due to the differences in growing conditions and seed sources. The DCA also showed that in the first observation period U. glabra was a major species in AG in several sites (e.g. Ainaþi, Piksâre, and Íemeri3), but afterwards its abundance decreased due to poor health condition and dieback of the canopy trees, reducing the seed source (Fig. 5 ), probably due to Ophiostoma novo-ulmi (Huenneke, 1983) . At present, U. glabra is being rapidly replaced by A. glutinosa (Fig. 5) , likely due to moist conditions, for which alder is better adapted. In the third period, in sites where A. platanoides co-occurred in canopy, i.e. Limbaþi and Rundâle, the growth of AG A. platanoides was released by the F. excelsior dieback (Figs. 4, 5) , suggesting that it could become the dominant species there.
In Lithuania a rapid increase in the number of primary species (P. tremula, B. pendula) has been observed after canopy F. excelsior dieback, (Bakys, 2013; Lygis et al., 2014) , but this was observed only in the Rundâle site (Figs. 4, 5) , probably due to lack of these species in the canopy of the surrounding stands of other sites. Nevertheless, the increase in the number of AG F. excelsior, especially in the third observation period (Fig. 4) , suggested recovery of F. excelsior, which might be explained by the natural selection of the most resistant genotypes (Pliura et al., 2015) .
Many studies indicate that the increase of understory density has been caused by canopy thinning, hence reduction of competition and the improvement of light conditions (de la Cretaz and Kelty, 2002; Coomes et al., 2003; Royo and Carson, 2006) . In contrast, in this study, the increase of understory density was not associated with the dieback of canopy F. excelsior (Fig. 6) , suggesting that F. excelsior has had minimal effect on the UG species, except in the Jaunlaði, Íemeri1 and Íemeri2 sites, where such tendencies persisted. Alternatively, this could be related to delayed response of UG to such changes, as the strongest dieback was observed between first two observations (132.98 shoots ha -1 ), hence the increase in understory density might still be expected. Some UG species are also known to persist within a territory for a long time after the disturbance, competing with AG in longer term (Latham, 2003; Mallik, 2003; Royo and Carson, 2006) , hence making AG more susceptible to other disturbances (Pallardy, 2008) .
Increase of UG due to canopy disturbance can suppress AG regeneration directly through competition, allelopathy, limited seedling germination and growth (Runkle, 1990; Gillman et al., 2003; Royo and Carson, 2006) , thus stalling succession for decades (Schnitzer et al., 2000) . However, the proportion of AG and UG varied little (Fig. 3) , suggesting similar competitiveness of the species under altered conditions following the disturbance. This might be also explained by a quite rapid growth of AG that reached the canopy, hence shaded the understory, as observed for A. platanoides and T. cordata and U. glabra in the Limbaþi, Viïaka and Íemeri3 sites, respectively.
Our results showed that the changes of species composition and density after the F. excelsior dieback have been occurring with different rates in relation to the local conditions. Therefore it is difficult to generalize further transformation of F. excelsior stands. The temporal stability of AG and UG composition and density suggested similar competitiveness of the species, contraindicating the formation of shrub land. Although the dieback of canopy trees has been progressing, increase of F. excelsior AG in the later observation period suggested improvement of regeneration, and hence there is a chance that F. excelsior could remain as an admixture species in these stands in the future. Still, monitoring of the stands is necessary to assess further recovery.
